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Arterial ischemic stroke (AIS) in children is a rare but important disorder with a higher rate of morbidity and mortality. It is considered as the cause of the top 10 long-term mortality in the pediatric population.\[[@ref1][@ref2]\] Two-third of affected patients suffer from adverse outcomes including long-term cognitive, behavioral, and functional deficits. Furthermore, it is associated with higher cost and socioeconomic burdens.\[[@ref3]\]

Reported incidence rate for AIS is between 2 and 13 in 100,000 children per year.\[[@ref4]\] Risk factors, clinical presentations, and AIS outcome in children are distinct from those in adults. It is a heterogeneous disorder with different causes and risk factors. Nonatherosclerotic factors such as congenital or acquired cardiac disease, large vessel arteriopathies, and prothrombotic abnormalities are the main pathogenesis of AIS in children. Infection, hematologic disorders and coagulopathies, medications, iron deficiency, metabolic disorders, trauma, and migraine are other less common causes of AIS in children.\[[@ref5][@ref6][@ref7]\]

In spite of increased awareness of pediatric AIS, the etiology of the disease is not completely understood and its diagnostic and therapeutic procedures are still underdeveloped. It is well established that identification of the multiple etiologies of childhood AIS may lead to better diagnosis, management as well as its prevention.\[[@ref8]\]

Several studies from different ethnic and geographical regions have investigated the preexisting risk factors of AIS in children. According to their results, the identified risk factors were not similar in different age, ethnic, and geographical regions. Evidence indicated that most of the studies were established in Western and European countries with few studies from Asian countries.\[[@ref9][@ref10][@ref11]\] It is well established that the identification of AIS risk factors in each region is an important issue which could be used for better management, improvement of its prognosis, and prevention of its related complications. A regional study indicated that 70% of children with AIS suffered from neurological disabilities.\[[@ref12]\]

Considering that better understanding of the underlying mechanisms and risk factors of AIS would be helpful for the improvement of rational management of stroke and its outcome in children as well as preventing or reducing the occurrence of its related potential disabilities, the aim of this study was to investigate the most common risk factors and causes of AIS in patients referred to referral hospitals in Tehran and Isfahan cities, Iran. The priority of this research is determined by the fact that the features of AIS risk factors in different ethnic and geographical regions are not similar.
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=======

In this retrospective and prospective study, the medical files of all pediatric patients admitted to the Mofid Children\'s Hospital in Tehran, from 2001 to 2011 retrospectively and in Imam Hossein Children\'s Hospital in Isfahan, prospectively from 2011 to 2016 with the diagnosis of AIS were evaluated. Both of the hospitals are Tertiary Pediatric Care Hospitals in Isfahan and Tehran.

Acute AIS is defined as an acute focal neurological deficit with the evidence of cerebral infarction in an arterial distribution on brain imaging.

Records of patients of ages 0--18 years with AIS which confirmed by brain magnetic resonance imaging (MRI) were included. Data of patients who did not undergo imaging to confirm the diagnosis of the disease, neonates and children with subdural or epidural hematomas due to head trauma as well as those with missing data in their files were excluded from the study. For all patients, brain MRI, MR angiography or conventional brain angiography, evaluation for hypercoagulable state, echocardiography, electrocardiography, lipid profile, serum homocysteine, lupus anticoagulant, and anti-cardiolipin antibodies were performed.

Risk factors and defined conditions thought to be associated with childhood AIS were divided into 10 categories including arteriopathies, cardiac disorders (CDs), infection, acute head-and-neck disorders, acute systemic conditions, chronic systemic conditions, prothrombotic states, chronic head-and-neck disorders, atherosclerosis-related RFs, and others.

The protocol of the study was approved by the Pediatrics Review Board members and Ethical Committee of Isfahan and Tehran Universities of Medical Sciences.

Data of the selected patients were retrieved from their medical files and recorded in a questionnaire.

Data regarding the demographic characteristics of the patients, laboratory findings, radiological results, and risk factors were also recorded in the questionnaire.

Statistical analysis {#sec2-1}
--------------------

Recorded data were analyzed using SPSS ver. 20 software (SPSS Inc., Chicago, Illinois, USA).
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During the study period, 72 patients (49 from Tehran and 23 from Isfahan) were admitted to the referral hospitals with a definitive diagnosis of AIS. From the selected cases, 11 patients were excluded due to missing and incomplete data. The age of studied patients ranged from 5 months to 13 years. Mean (standard deviation) age of the patients was 5.1% (3.9). About 62.3% (38/61) of the patients were boys while 37.7% were girls (*P* \< 0.01).

The distribution of different identified risk factors in the studied children with AIS is presented in [Table 1](#T1){ref-type="table"}. A total of 36 patients (59%) had at least one risk factor for AIS. Nearly 40.9% of patients had undetermined risk factors. CDs (21.31%) and vascular disease (21.31%) were the most common risk factors of AIS in the studied children. About 11.5% of the patients had moyamoya vascular disease (MMD) vascular disease.
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Brain MRI showed stroke in the territory of the middle cerebral artery in 56 patients, posterior cerebral artery in two patients, and anterior cerebral artery in three patients.

Discussion {#sec1-4}
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In this study, we reported AIS risk factors among children who referred to the two referral pediatrics hospitals in Tehran and Isfahan. Our findings indicated that among the pediatrics population, the most common cause of AIS was congenital heart disease and vascular disease.

As mentioned, understanding the risk factors of AIS in each population would be useful for practicing physicians to determine high-risk population for AIS which would consequently result in proper management of the disease as well as its prevention.

Although there have been many studies in this field from different countries and populations, there is no published data on the risk factors of pediatric AIS among the Iranian population.

In this study, AIS occurred most frequently among boys than in girls. Our findings were similar to those reported by many studies in this field.\[[@ref13][@ref14][@ref15]\] Several studies indicated that male children are at greater risk for AIS. Evidence indicated that higher susceptibility of male children to AIS is regardless of their age, type of stroke, or history of trauma.\[[@ref13][@ref14][@ref15][@ref16]\] However, the cause of male predominance is not determined yet.

The results of previous studies in this field demonstrated that only half of the AIS pediatric cases have an identified risk factor, and in a great number of the cases, undetermined risk factors were reported.\[[@ref17]\] In this study, 40.1% of cases were classified as having undetermined risk factors.

Our findings in this field are similar to studies conducted in Turkey and USA.\[[@ref18][@ref19]\]

Different studies from various regions have reported different features for the risk factors of childhood AIS. In a narrative review study, Lyle *et al*. reported that the most common risk factors of AIS are congenital heart disease, sickle cell disease, arterial dissection, and MMD.\[[@ref9]\]

In another review study, Lo *et al*. showed that the most common identified risk factors of AIS in hospitalized children are congenital heart disease and infections such as sepsis and meningitis/encephalitis.\[[@ref10]\]

In the International Pediatric Stroke Study which was a multi-center, international observational cohort study, 676 children with AIS were evaluated and the risk factors of the disease were determined. According to their findings, 31% had CDs, 24% had infections, 13% had prothrombotic disorders, and 6% had sickle cell disease.\[[@ref11]\] In another population-based case--control study, the Kaiser Pediatric Stroke Study, the risk factors of AIS were investigated in Northern California. Their results indicated that CDs, infection, prothrombotic disorders, and sickle cell disease were the risk factors for 10, 40, 0, and 2% of AIS cases, respectively.\[[@ref20]\] In the Great Ormond Street Hospital series, the most common risk factors were infections (37%), sickle cell disease (17%), and CDs (12%), respectively.\[[@ref21]\]

Two different studies from Turkey have shown that infections and CDs, mainly its congenital forms, were the most common risk factors for AIS.\[[@ref18][@ref22]\]

Jeong *et al*. in their study in Korea reported the risk factors of AIS in children as follows: arteriopathy (MMD), cardiac disease, prothrombotic condition, and hematologic disease, respectively.\[[@ref23]\]

In a study in Taiwan, Lee *et al*. evaluated the risk factors of childhood AIS. The most common risk factors were vascular disease and infections.\[[@ref24]\]

The literature review demonstrated that childhood AIS is associated with different risk factors in the different population. Cardiac diseases are the main risk factor of AIS in China, North America, and Hong Kong.\[[@ref10][@ref15][@ref20]\] Vascular disease including MMD, coagulation disorders, and infections are the main risk factor of pediatrics AIS in Japanese, European, and Asian children.\[[@ref18][@ref22][@ref25]\] Sickle cell disease was the most common risk factor in African -- American children.\[[@ref26]\]

In our study, the most common risk factors were congenital heart disease and vascular diseases, mainly MMD. Infection was not a common cause of AIS in our studied population.

Our findings could be implacable for health-care professionals to develop facilities to manage vascular and CDs in children properly and timely and improve the medical care of patients with the mentioned disease.

The limitations of this study were its retrospective design in more than half of the patients, small sample size, and evaluation of hospital-based population. However, using population-based studies provide more detailed information about the patients and risk factors of AIS. It is suggested that planning prospective studies would also reduce the rate of undetermined cases.

The strength of the current study was that for the first time the risk factors of AIS among pediatric population in two large cities in Iran were determined. The results of this study would be used as baseline data as well as pilot study for the future nationwide studies.

Conclusions {#sec1-5}
===========

The findings of our study indicated that the most common risk factors of AIS in the two studied regions are congenital heart disease and vascular disease. The results of the current study could be used for planning more preventive strategies in patients suffering from the mentioned diseases. In addition, obtained data could be used for conducting targeted education and management of high-risk patients.
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